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（1）天然水中 9 种目标农药的固相萃取-气相色谱-质谱同时分析方法 
    以气相色谱-质谱联用作为定性、定量手段，通过优化色谱条件和质谱参数，
建立了 9种目标农药的检测方法，线性范围为 25~500 μg/L，测定限在 3.3~6.3 μg/L
之间。选择 C18 柱用于富集水样中 9 种目标农药；考察了穿透体积、洗脱溶剂、
洗脱体积以及 pH 和盐度等因素对萃取效果的影响。以河水和海水为基底，在
优条件下进行了 0.025 μg/L 和 0.100 μg/L 两个浓度的基底加标回收率实验，以硅
氟唑为内标物，环丙唑醇为替代物，9 种目标农药的回收率和相对标准偏差（n
＝3）分别为 68.4%~113.9%、1.6%~6.9%（河水）和 70.3%~115.2%、0.8%~8.2%
（海水）；方法的检出限为 0.002~0.009 μg/L。 
（2）九龙江口表层水中 9 种目标农药的残留状况 
运用上述分析方法，分别于 2007 年 12 月（枯水期）和 2008 年 5 月（丰水
期）对九龙江口表层水中 9 种三唑类农药的污染状况进行了调查。结果显示，枯
水期共检出多效唑（29.3~52.1 ng/L）、丙环唑（22.5~47.9 ng/L）、腈菌唑（2.8~29.3 
ng/L）、氟硅唑（22.9 ng/L）、苯醚甲环唑（5.67 ng/L）5 种三唑类农药；丰水期
检出多效唑（8.5~126.1 ng/L）、丙环唑（16.7~123.2 ng/L）、腈菌唑（7.1~160.2 ng/L）、
氟硅唑（4.2~29.9 ng/L）、苯醚甲环唑（3.9~6.1 ng/L）和三唑酮（47.7 ~173.3 ng/L）
6 种三唑类农药。其中，多效唑、丙环唑、腈菌唑无论在枯水期还是丰水期的检
出浓度和范围都较大，是该区域主要的三唑类农药污染物。 
（3）自然条件下天然水中 9 种目标农药的非生物降解研究 










































Largely used triazole pesticides would do harm on aquatic organisms and then 
affect aquatic ecosystem after entering aquatic environments through deposition, 
surface runoff and so on. In this dissertation, an accurate, sensitive method for the 
simultaneous determination of 9 triazole pesticides (triadimefon, paclobutrazol, 
hexaconazole, uniconazole, myclobutanil, flusilazol, propiconazol, tebuconazole, 
difenoconazole) in natural water samples has been developed using solid phase 
extraction (SPE) for extraction and cleanup and gas chromatography coupled with 
mass spectrometry (GC-MS) for detection. The method was successfully applied to 
survey triazole residual status in Jiulong River Estuary, Fujian, China and then further 
study on abiotic degradation of target pesticides in natural water under natural 
conditions was carried out. Research results could provide analytical techniques and 
scientific data for risk assessment of triazoles in aquatic environments. The detailed 
contents and results are as the followings: 
(1) Development of simultaneous determination method for 9 target pesticides in 
natural water using SPE-GC-MS 
Accurate and sensitive instrumental analysis method for 9 target pesticides was 
established using GC-MS for qualitation and quantitation. Under the optimized 
conditions, the instrumental detection limits of 3.3~6.3 μg/L and linearity ranges 
between 25~500 μg/L for the target pesticides were achieved. 
C18 cartridge was selected to enrich target pesticides form water samples. 
Effects of breakthrough volumn, elution solvent, eluent volume, pH and salinity were 
investigated. Using simeconazole as internal standard and cyproconazole as surrogate, 
the recoveries and relative standard deviations (RSD, n=3) of 9 target pesticides 
sipked in river water and seawater at 0.025 μg/L and 0.100 μg/L were 68.4%~113.9%, 
1.6%~6.9% and 70.3%~115.2%, 0.8%~8.2%, respectively. Method detection limits 
were between 0.002~0.009 μg/L. 
















The residual status of 9 target pesticides in surface water of Jiulong River 
Estuary was surveyed using the above determination method at Dec. 2007 (dry season) 
and May 2008 (raing season). Results showed that in 16 sampling stations 
paclobutrazol (29.3~52.1 ng/L), propiconazol (22.5~47.9 ng/L), myclobutanil 
(2.8~29.3 ng/L), flusilazol (22.9 ng/L), difenoconazole (5.67 ng/L) were detected at 
dry season. Paclobutrazol (8.5~126.1 ng/L), propiconazol (16.7~123.2 ng/L), 
myclobutanil (7.1~160.2 ng/L), flusilazol (4.2~29.9 ng/L), difenoconazole (3.9~6.1 
ng/L), triadimefon (47.7~173.3 ng/L) were detected in raing season. Paclobutrazol, 
propiconazol, myclobutanil were main triazole pollutants in this area. 
(3) Abiotic degradation of 9 target pesticides in natural water under natural 
conditions 
Abiotic degradation experiment of 9 target pesticides was carried out in 
ultra-pure water, river water and sea water under outdoor temperature and 
illumination conditions during Dec. 2007 to Feb. 2008.  
Result showed that hydrolysis and photolysis processes of 9 target pesticides in 
different water matrix accorded with first-order kinetics equation. Half-lives of 
hydrolysis and photolysis in ultra-pure water, river water and seawater were 
239.0~630.0 d、68.6~87.7 d、117.5~210.0 d and 8.8~26.3 d、10.6~41.5 d、15.6~577.5 
d, respectively. pH mainly affected hydrolysis rates. Both direct and indirect 
photolysis simultaneously happened for 9 target pesticides, but direct photolysis was 
dominant for triadimefon and uniconazole. Particulate and/or dissolved organic matter 
(DOM) in seawater had stronger promotion effect on degradation rate than in river 
water, whereas inorganic ions greatly slowed degradation rates.  
The reasons of frequent detection and relatively high detected concentrations of 
paclobutrazol, propiconazol and myclobutanil in surface water of Jiulong River 
Estuary were due to their long abiotic degradation half-lives and continuously land 
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第 1 章 绪论 
 
1
第 1 章  绪论 
    农药在防治农作物病、虫、草害，提高单位产量上起了很大作用。据联合国




















1997 年对郊区小溪、大河支流水中 157 种农药残留进行监测，检测到 15 种除草
剂、5 种杀虫剂和 1 种杀菌剂[2]；西班牙 1991~2000 年间多次对 Ebro、Llobregat、
Guarena、Almar 等河和 Segre 河盆地中的常用除草剂进行监测，检出异丙甲草胺、
甲草胺、阿特拉津、西玛津等多种农药，其中异丙甲草胺 高浓度达 3000 ng/L[3]；




















农药的甲草胺（8500 ng/L）、异丙甲草胺（1000 ng/L），三嗪类的阿特拉津（3300 
ng/L）、扑草净（3100 ng/L），氨基甲酸酯类的呋喃丹（7300 ng/L）等[5]；瑞士
BUWAL（Swiss Agency for the Environment, Forests and Landscape）报告称在瑞
士农业区超过一半的地下水样中发现了农药残留，2002 年的地下水农药监测中




的重视。Zhang 等[8]1999 年在福建闽江口河水中检出了 18 种有机氯农药，其中
七氯的 高浓度达 405 ng/L；杨清书等[9] 2001 年在珠江干流河口检出了 21 种有
机氯农药，检出农药的总量为 42~123 ng/L；Xue 等[10]2003 年和 2004 年对北京
官厅水库 31 种农药进行调查，结果所有监测农药均被检出，包括 22 种有机氯农
药、3 种菊酯类农药、3 种酰胺类农药、1 种有机磷农药、1 种二硝基苯胺类农药
和 1 种二苯醚类农药，检出农药的总量 高达 890 ng/L；黄群腾[11] 2007 年对福
建九龙江口表层水中的 36 种农药进行了监测，除 3 种有机氯农药和 8 种有机磷
农药外，还检出 3 种酰胺类农药、7 种拟除虫菊酯类农药、2 种苯胺类农药和 3
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